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Supplementary Information Text a) Definition of focal shift.
Focusing a wave primarily means that the cross-section of the flow of its energy somehow shrinks. As a consequence, at the center of the focal region, one expects the energy density to reach a global maximum in all directions, and the focus can possibly be defined as the position of maximum intensity along the optical axis. Energy concentration in transversal planes is also a defining feature of the focus, and the focal plane could alternatively be defined as the plane of maximal concentration. However, a few reports show that the notion of encircled energy is rather complex. Indeed, the radius of the energy envelope (see main text) reaches a minimum at a plane that depends on the energy fraction considered to define that envelope. In other words, the focal shift is uniquely define from the axial intensity profile, but not from the radius of energy envelopes. However, for energy fractions corresponding to the typical definition of the beam waist, e.g. FWHM or the ratio, the experimental difference between the focal shifts seen with these two definitions is negligible.
In addition, from the theory point of view, if the focal shift is defined from the transverse energy distribution, it can only be assessed by a secondary spatial integration of the diffraction integral. This can be a rather complex task for which we know no solution. While the only experimental results on the shape of the energy envelope have not yet been modeled, the heuristic arguments in this paper apply.
b) Circular spatial focusing
Although spatial and temporal focusing has been studied to some extent (1-4), it is still not clear yet what determines its axial resolution. In this first note, we study theoretically the question of focal shift and axial resolution, in the context of the optical set-up described in this paper ( Fig.  S4 and S9) .
A first consideration has to do with an index mismatch interface. Indeed, the laser beam is focused through a plane interface between two isotropic media with distinct refractive indices (n 1 and n 2 ) (Fig. S13 ). Let's first consider the case when the back aperture is illuminated by an optical field that is generically described by its complex amplitude , , defined as a function of Cartesian coordinates over the aperture and of the light frequency . We treat this problem in the context of the scalar diffraction theory within the paraxial approximation. In the focal region, the diffraction integral reads (5):
where is the aperture surface, k is the wave number corresponding to the central wavelength of the spectrum, is the spectral bandwidth, (x,y,z) the Cartesian coordinates in the focal region, ⁄ , and ⁄ . Using the Fresnel approximation, equation (S1) yields:
where is the aperture surface, k is the wave number corresponding to the central wavelength of the spectrum. If we consider 1 ⁄ , then equation S2 becomes:
,
At that stage, the classical treatment of the diffraction integral approximation would approximate this phase function by its linearized version, in other words, to consider that: (S4) Not making this "linear pupil approximation" of the pupil phase function is the key point for finding the accurate focal shift. Interestingly, linearization is needed to transform the diffraction integral into a Fourier transform integral. In other words, in the framework in which one can study the focal shift, the Fourier formalism cannot apply, except for z=f.
If the input laser beam is monochromatic or if its spectral components are all carried by the same wavefront, and if the beam has a circular cross-section with radius a, the input field can be simplified as , 1, where , tan ⁄ . The (x,y,z) coordinates in the focal region can be replaced by ( , , . The complex amplitude then becomes:
leading to the field intensity given by :
For observations on the plane, equation (S6) yields:
, ,
where ⁄ is the convergence angle under the paraxial approximation. For observation points on the 0 axis, the axial intensity distribution is:
where ⁄ is the Fresnel number.
On the condition of focusing through the planar media interface, the focal shift is
is the solution of the equation tan 1 .
c) Non-circular spatial focusing
For non-circularly filled apertures, when light is focused on the back aperture by a cylindrical lens followed by a spherical lens, equation (S1) yields:
and ,
where √2 ln 2 and √2 ln 2 are the values of the beam radii at FWHM in both directions.
From (S10), the light intensity on the (0, 0, z) axis becomes:
where 1 ⁄ 1 ⁄ 1⁄ , ⁄ and ⁄ are the Fresnel numbers in the zx-and zy-planes, respectively. It should be noted here that the case of elliptical apertures has only been treated for very small Fresnel numbers (0.3 10) (6), and never through an interface for noncircular apertures.
d) Temporal focusing
In temporal focusing, the spectral components of the ultrashort laser are first spatially dispersed and then collected by a collimating lens. The complex amplitude at the aperture can therefore be written as (3):
From equation (S1) the field amplitude in the focal region can be written as
and its value on the z-axis is ,
where Γ Ω (S16) and (S17)
Integrating the squared intensity * over time t and the transverse plane yields the linear density of the two-photon excitation (TPE) signal projected on the z-axis:
where ⁄ and Ω ⁄ are the Fresnel numbers for the spatial focusing and the temporal focusing, respectively. 
where the beam extension in the x and y direction is given by
Because we assumed no loss of the optical power P tot along the axis, the axial intensity 0,0, that we want to know can be inferred given from the following conservation equation
Because of equations S20 and S21, the axial intensity distribution is proportional to the product of two functions ℒ and ℒ that reflect the contribution of the two focusing planes zx and zy, and its overall shape can be written as:
where
How much the axial intensity profile spreads when the aperture is reduced in the x direction is classically described by ℒ . Seen from Fig. 3B and S7, it is obvious that the temporal focusing along x-axis is independent of spatial focusing along y-axis. Our purpose here is to evaluate the impact of focal shift to the axial spread in line-temporal focusing. An exact analysis is not known. But from Fig. S4 , it can be seen that the focal shifts and axial FWHMs in non-circular spatial focusing and temporal focusing are closely similar. To make an easy and simple evaluation, we use equations S24 and S25 to approximately express the axial intensity expression for spatial and temporal focusing, respectively. In this condition, we propose here to introduce the focal shift effect by a simple translation of the argument of the axial intensity distributions by a shift Δf into the intensity profile. This becomes:
From equations S26 we can numerically compute values of the axial FWHMs and the focal shifts for different sizes of line-temporal focusing.
f) Group velocity dispersion in temporal focusing
In the condition of SI Appendix c, if there is group velocity dispersion in the laser pulses, the second-order dispersion Π of the chirped pulses results in a curved wavefront, which acts as an extra lens that induces the temporal focal plane to shift. The shift of the temporal focal plane is Δ Π , where Ω ⁄ . In our experiment, the chirp created by unwanted sources of dispersion can be compensated by a prism pair.
In spatial and temporal focusing modes, the geometry of the quadratic intensity distribution in the focal region was measured by imaging the two-photon excited response of a fluorescent solution, and curves were fitted for the peak intensity position and the FWHM (full axial width at half maximum).
g) Line-temporal focusing
In line-temporal focusing, when the focal planes SF and TF (see Fig. 3A ) corresponding to spatial (zy-plane) and temporal focusing (zx-plane) are made to coincide by fulfilling the back aperture of the objective lens, the quadratic intensity profile is proportional to (7):
where the Rayleigh lengths z S and z T correspond to the temporal and non-circular spatial focusing, respectively. The temporal Rayleigh length is given by
, where A, B and C are constants that depend on the system parameters. In our experiment, the fitting parameters A=0.165, B=0.89, C=8.2.
In the circular aperture case with spatial focusing, the light intensity exhibits axial symmetry about the optical axis and is also symmetric about the focal plane, provided the aperture is large enough (Fig. S1A) . However the symmetry about the focal plane is broken because of the shift of the intensity peak. In addition, the intensity distribution becomes skewed, thus breaking the symmetry about the shifted peak plane (Fig. S1B) .
In the case where the back aperture is filled with non-circular spatial focusing (Fig. S2) , a line focus is obtained along the x-axis with a length that is longer than the Rayleigh length of the zy focus (Fig. S2A) . When the back aperture is maximally filled in the y direction, the intensity distribution is symmetric about the focal plane, but that symmetry is broken for smaller y-apertures. (Fig. S2B) . By comparing the situations of circular aperture vs. elliptic aperture, the focal shift and the axial-FWHM increase obviously faster in the latter case (Fig. S4) . From the quadratic intensity distributions simulated and shown on Fig. S1 and S2, the axial FWHM (dash line) and the focal shift (solid line) are plotted for circular apertures (circles, from Fig. S1 ) and for elliptic apertures (triangles, from Fig. S2 ), as a function of the FWHM of the diameter or the aperture size along the y-direction which is the long side of the ellipse (see Fig. 2 ). S9 . Diagram of two-photon imaging system with line-temporal focusing microscopy and point-scanning microscopy and line-scanning microscopy. Laser power is controlled by a half waveplate (HWP) and a Faraday isolator (FI), laser spectrum is measured by a fiber spectrometer (FS). The laser beam passes through a telescope (T), reflects from the spatial light modulator (SLM) and propagates in two optical exclusive branches, namely a first "Line-temporal focusing microscopy" branch (yellow), or a second "point-scanning microscopy" branch (green). 1/ In the yellow branch , the laser beam is reformed along y-axis onto 1D galvanometric mirror (GM1) by two cylindrical lenses (CL1 and CL2), focused by cylindrical lens (CL3), diffracted by a blazed grating (G), reflected from a mirror (M1), and a collimating lens (LC) collects laser frequencies into the objective lens. A schematic diagram is inserted to show how the laser spectrum is modulated by a computer interface, with an intra-cavity prism pair and a controlled mode-locking aperture. 2/ In the green branch, the laser beam is reflected by a switchable mirror (FM1), focused by a spherical lens (L1), reflected by a mirror (M2) and then collimated by a spherical lens (L2) onto a two-dimensional galvanometric mirror (GM2). The beam is then focused by a spherical lens (L3), reflected by a mirror (M3), collimated by a spherical lens (L4) and then reflected by another switchable mirror (FM2) that reinjects the light in the common part of the set-up. The laser beam from two branches is reflected by a dichroic mirror (DM) into the objective lens (Obj). The fluorescence emission is collected back from the same focusing objective, and is imaged through a dichroic mirror (DM) and a tube lens (TL) onto an EMCCD camera (see Methods). 
